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INTRO.)UG LIEN . 
It has long been known that nervous activity is accompanied 
by changes of electrical potential. As early as 1675, Catontl) 
using a string galvanometer demonstrated electrical activity 
it the exposed brain of enimals. 
In 1; 3, Prawdicz-- iveminski í 2) described six types of elect- 
rical rhythms in Lhe "electro- cerebrogram" of the dog. ibis 
was the first serious attempt to classify observations of 
this type. 
In 1929, Berger (3) published his first report of charasteric 
electrical rhythms detectable through the intact cranium in 
man. It is surprising that physiologists paid so little 
attention to his early_. r reports, for it was not until 
1934, by which time Berger had already published some eight 
papers, that Adrian and Matthews (4) undertook a series of 
experiments to confirm his work. The importance of the work 
of Adrian and Matthews cannot be overestimated. They demon- 
strated clearly that in principle the claims of Berger were 
correct; namely, that it was possible to detect certain 
characteristic electrical changes through the intact cranium, 
and thatthese changes could only be clue to nervous activity 
within the skull. By the introduction of important refinements 
into the technique which will be referred to later in more 
detail, they were able to localise the source of 'uhe changes 
which were referred to by Berger as the rhythm. 
Furthermore, they were able to make important deductions as 
dl d echcan$, 
to the origin and nature of these changes :which were a distinct 
advance over the more holistic concept which had been put 
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forward by Berger. The main points brought to light by the 
work of Adrian and Matthews were that'in normal indivi.duals1 
there is P characteristic electrical rhythm which originates 
from the region of the occipital lobes in each hemisphere. 
The rate of the changes were shown to be remarkably constant 
for different individuals, usually in the neighbourhood of 
10 - 11 per second, with extreme limits ranging between 
E - 13 per second. r'or nny single individual, however, the 
changes were found to GE constant in nature and rate .They did 
find that the exact foci of origin ofthe changes were liable 
to shifts of a centimetre or two from time to time. 
Adrian .^nd Matthews also found that the o(, or Berger rhythm aU 
they designated it, was inhibited by visual stimuli, or by 
mental concentration. They also described the so- called 
"flicker response "in which rhythmical alterations of li r.t 
stimulus would, within certain strict limits, produce alterst- 
i6ns in the rate of the Berger rdythm. 
Fig. 1. has been included as a matter of general interest, 
and also because it demonstrates rather nicely the effect of 
the closure of the eyes on the Berger rhythm. The eyes were 
closed at the point indicated by the arrow on the record.The 
Berger rhythm is seen to appear as soon as the eyes were 
closed. The rhythm is best seen in the centre lead of the 
record, the chart appearing with the record showing the elect- 
rode positions, explains the reason for phis. 
.:Lore recently the work of r.ornmuller ( ) , Adrian (6) , Adrian 
and ßîa c , .: s (`i) , Gerard (b) , Jasper ( ) , and others, indicates 
that numerous electrical rhythms,or discharges, arise from 
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various areas of the brain, and the the tj pe and nature ofithese 
rhythms are in some way ref ted to variations in the cyto- 
architecture. 
It would appear that within the central nervous system there are 
an infinite number of potential changes, as many changes as there 
are active neurones, but it is only when certain groups of units 
because of like activit,, in the physiological sense, or because 
of a common cytoarchitecture,act in unison, or3eat" together, 
that it is possible to pick up characteristic changes on the 
surf e ce of the brain. 
When one endeavours to study these events through the intact 
cranium, many of the changes become masked, and there is very 
little apart from the Berger rhythm which might described as 
characteristic. As Adrian pointed out, the normal electro- 
encephalogram was soon shown to be disappointingly constant, with 
the result that the attention of many workers was diverted to the 
study of pathological states in the central nervous system. 
It soon became apparent that this was going to prove a worth -whílE 
field for the electro- physiologist. 
In 1` ;-36, Walter (IO) showed that he was able to recognise 
cirosE deviations from the normal electrical behaviour, in certain 
pathological states. He also claimed to be able to localize 
accurately the site of intracranial tumours, using a technique 
similar to that devised by Adrian and i'iatthews for their study of 
the Berger rhythm. About the same time Gibbs, Lennox, and Gibbs,01 
published their first paper describing the electrical behaviour 
in certain epileptic states. 
raectro- encephalography was b this time very much "on the map': 
4 .. 
Bremer produced a series of papers showing the effeete of 
v?rious depressant rnd stimulanu drugs on the electroencephalo - 
gram of ánimals. 
Bucy and Case ( i 3) published a paper purporting to confirm the 
work of Walter. The nature of the records published by these 
authors throws some doubt on the accuracy of the particular work. 
Ca.zzamalli 04) claimed chat there were high frequency components 
of the order of megacycles in association with emotional states, 
But it is hardly necessary for me to add that confirmation of is 
work has not yet been forthcoming. 
Jasper, and Andrews (i)) made a special study of the electrical . 
changes apart from the rhythm, the so- called beta rhythm. 
It would appear that they were not able to find anything really 
characteristic, and they concluded that the predominant components 
of the pre -central electro- encephalogram, in the intact cranium, 
have an average frequency of about 25 per second. 
Physiological states were studied, and the work of 
64) 
Loomis, Harvey, -nd Hobart on the electrical changes associated 
with nnrmnl sleep is worthy of mention. 
further evidence confirming the claims of Walter 
with regard to the localization of intracrenial tumours was 
forthcoming until quite recently, when Gibbs and Williams (IV) 
working at Boston, and Krynauw (18) working at Oxford, produced, 
as was stated in a leading article in the British Medical 
Journal, August 26. i534.,, "complete and systematic confirmation 
of his claims: 
My own interest in electro- encephalography was aroused after 
the first publication of Walter. With the institution of the 
5. 
Nuffield Department of burgery at Oxford, it became possible 
for me to undertake e detailed survey of the electrical changes 
associated with certain well- defined pathological groups. 
The period of work can be divided into three stages; 
(al a period entirely devoted to technical considerations, 
fib). a preliminary stage lasting some six monthsiduring which 
earlier confirmed work such as the observattons of AArian and 
Iptthews were repeated as very necessary technical exercises, and 
(c) the last period during which an electro- encephalographic 
study wes made in conjunction with she clinical investigation 
of certain well - defined pathological groups of nervous dise ̂ se. 
This work has now unfortunately been interrupted because of "evil 
things " which have upset the channels of normal endeavour. 
I propose for the scope of this thesis uo review the 
work of the last six months. 
o, 
ÀET IDOL . 
The amplifier has become t . ch a commonplace feature of the 
modern physiological laboratory that there is little need to dis- 
cuss in detail the design of the apparatus. There are)however) 
several special features wherein amplifiers designed for electro- 
encephalographic work differ from most other amplifying systems, 
and I shall make reference to these in the following brief dits- 
cription of the apparatus. 
For the localization of electrical disturbances associated 
with intracrenial pathology, the method introduced by Adrian 
and watthews, and later modified by Walter ( ) is employed. 
This introduces the complication of multiple channels of ampli- 
fication. Even when the so- called unipolar method of leading off 
is employed, multiple channels tyre essential because of the large 
area which has to be surveyed electrically.. 
Most workers in this field are still employing the " unipolar" 
method of leading off, and there is a considerable difference of 
opinion as to the relative merits of the two methods. It will be 
necessary to make some further reference to this aspect of the 
subject later. 
Amplifiers. 
The aaipli.fiers consist of three separate channels, and 
each channel is composed of two parts; (4) the preamplifier: this 
this consists of a balanced input stage carefully screened. 
(2 0) 
The circuit was described by Matthews, and was originally aue to 
Tonnies. The tubes in uhe input stage are indirectly heated 
triodes with a low noise ratio. The preamplifiers are independent 
units, each in its own metal box, which is earthed, and contains 
V. 
its own low, - nd high tension battery supply, thus further enhan- 
cing the effectiveness of the screening. The input stages are 
relatively immune from radiated interference. 
(2) the main amplifiers, one for each channel, are mounted on a 
metal rack 5'8" high, and 21" broad. ..ach amplifier consists of 
three stages of resistance -capacity coupled pentodes, the last 
stage being a paraphased "push- pull "eutput. 
Condenser values are large :;o as to give the amplifiers a 
slow time constant of the order of i cycle per second. 
AnoPher point which I consider tc be important, is 
the incl Asion of a variable frequency filter circuit. This is 
important for several reasons. As I pointed out,the changes which 
have been recognised in Lhe normal electro- encephalogram, are the 
10 per second Berger rhythm, and the so called e rhythms w'-li ch 
have a frequency of the order of about 25 per second, Lhat is if 
we exclude the work of Cazzsmalli already referred to, and 
Balado (210 who cl^im that there are much faster components. 
o far as I have been able to judge, the rate of flux assoc- 
iated with pathological changes /n the brain seldom, if ever, 
exceed 20 per second, usually being within 1 - 10 per second. 
The filter circuit is, therefore, designed so as to give a cut- 
off at about 25 - 30 cycles. There is much to be gained from this 
arranrement;'firstly, with apparatus well screened, and earthed, 
there is no need to have the patient earthed, or in a screened 
room, nor is Lhere any need to exclude A.C. from the room for 
lighting purposes. rurthermore,the high tension and sweep circi is 
of the recording oscillographs can be "m ̂ ins driven" which is a 
great advantage. Any A.C. which the subject picks up is rejected 
E,. 
by the filter circuit; secondly, the most objectionable and un- 
wanted biological potentials, namely, muscle action potentials 
from rirnscles at cached_ to the skull are similarly rejected; and 
thirdly, the background noise or "valve mush" is also smoothed 
out, so that the final trace is free of numerous unwanted elect- 
rical effects, thus making the interpretation much easier. 
.ta,y of the published records where the filter circuit with 
R low cut-off has not been used, are, to my mind, difficult or 
almost impossible of interpretation. 
The final adjustment of the amplifiers is such that an 
input of IO1Y from the calibrating circuit gives a 2 cm. deflect- 
ion on the oscillograph tubes et full working gain; and at the 
same time an input of several millivolts does not produce jamming 
of the amplifiers. 
Recordin ùystem. 
Three cathode ray tubes are used frr recording. the tubes 
chosen are the gas focussed type with a long afterglow. The rea- 
sons for the choice of the old gas tubes are,(a) they hive a 
greater sensitivity than high vacuum tubes, so that there is no 
need to increase further the degree of amplification which is 
already critically high; (b) that for the purpose or recording 
changes as slow as we are encountering, a very slow sweeping time 
is necessary, the spot traversing the 7 cme. of the screen in a 
matter of 3 -4 seconds. Nith gas focussing tubes the arrangement 
of a circuit of a "sweep time" as slew as this affords nc very 
great difficulties, but with the high vacuum tubes the problem 
is much more difficult, and has not to my knowledge been satis- 
factorily solved. ïhe filament, high tension, shift, and scanning 
c 
circuits pre all mains driven, each c trcuit having separate 
transformers, and rectifying circuits. L'hift circuits in both 
the X, and Y, axes are included. 
ihe escillograph tubes are v- rtically mounted. The backs 
of the screens are used for viewing, and a mirror system throws 
the image from the front of uhe tubes into the recording camera. 
The camera is a moving camera, and the standard 35 mm. bromide 
paper is used. Jú`hen the shutter of the camera is opened, and the 
paper starts to :hove, the X plates of the tubes are automatically 
earthed, the sweep circuit is thereby cut off, and the spots cent- 
red over the appropriate mirrors. 
ihe rate of travel of the paper is the same for a.11 record 
being 2.4 ems. per second. This is checked from time to time by 
recording a wave of known frequency. in this way we are able to 
keep the record which is already sufficiently complicated, free 
from the extra record of a time marker. 
Electrodes and method of leading _off from the patient. 
the potential changes from the patient's 
skull are picked up by means of saline pad electrodes, the so- 
called silver -silver chloride electrodes which were described by 
eialter. The electrodes are held in place by means of a special 
cap. The area of scalp to which the electrode is to be affixed 
is cleansed with alcohol to remove grease, the hair is parted at 
the selected spot, and the electrode slipped into position under 
one of the bars of the cap. 
Th4,1ectrodes are arranged on the skull in pairs, the 
connection with the amplifiers being made in such a manner that 
in the event of e change of electrical potential occuring beneath 
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A,X,B represent three electrodes placed over the 
skull. When a change of potential occurs under the 
centre electrode X, the hands of the two galvanometers 
GI and 02 move in opposite directions as indicated 
in the diagram. 
any one of the electrodes, the recording apparatus of the adjacent 
two amplifiers will be caused to operate in opposite directions. 
The electrical events as they are recorded are then said to be 
out of phase. The accompanying diagram Fig.2. will serve further 
to clarify this point. 
This, it will be reconised, is the method of localization 6f 
electrical events within the cranium which was introduced by 
Adrian and Matthews. 
-For the analysis of the exact nature of the changes this method 
has very distinct limitations. It will be obvious by referring 
to Fig.2. that the final behaviour of either of the recording 
devices G1. or G2. will be a function of the electrical changes 
occuring beneath not only the electrode X, but also beneath the 
electrode A, if Gi. be considered. It is obvious, therefore, that 
such an arrangement would not faithfully reflect the behaviour f 
any single disturbance. Therefore, to study the exact nature of 
the changes emanating from any single point, another electrode 
arrangement is necessary. We have introduced a special technique 
for t:is latter purpose, the description of which will be deferred 
until later. 
Calibration. 
A calibrating circuit is included in the input leads of all the 
amplifiers. This is so arranged that potentials varying from 
to 1CO,4V can be injected into the circuit at will. Comparison 
between the deflection produced by the events being studied, and 
that produced by a known input is then easily made. 
There is a considerable variation in uhe amplitude between 
-uhe normal physiological changes detected, s'ich as the o¿, and 
1S wh16 
rhythms, _ wrwe are usually between 2 - 10,/01, and the changes en- 
,. 
countered in pathological states which may reach nn order of sev- 
erel millivolts in an epileptic seizure. t'or the most part, how- 
ever, potential shifts of the order. of 100 µV may be considered to 
be of high amplitude. 
Artefacts. 
The question of artefacts assumes greet importance when one 
is working with high gain amplifiers, and no discussion of the 
technical considerations would be complete without mention of 
some of the sources of artefact, together with some mention of Uh.e 
ways and means employed to counter them. I.. m, of course,considering 
the question of artefacts quite apart from those which may arise 
from any instability of the amplifiers themselves. 
(1) Radiated interference. Alention has already been mode of the 
precautions taken to eliminate radiated interference. If one has 
to work in close proximity to other electrical equipment, then 
some screening of the room may be necessary. Working in en oper- 
-sting theatre in which there is an endothermy necessitates hte 
disconnection of such apparatus from the mains supply because of 
the great interference set up in the proximity of thw fields of 
the transformers etc. 
íz) lovements. Complete relaxetion of the subject is essential, 
because móvements imparted to the electrodes greatly alters the 
resistance of the contacts, resulting in greet distortiohs of the 
base line. Where movemenu on the pert of the subject cannot be 
obviated as in epileptic seizures, or in very restless people 
such as those with athetoid movements, arrangements for the 
12. 
Attachment of electrodesother than those described, must be !Wade. 
In Euch cases small flat silver electrodes, about 3 mm. in diam- 
eter, moistened with saline jelly and fixed in piece with 
co11oidinn, are usually quite satisfactory. 
(3) Skin potentials. 
blew shifts of the base line may be dne to alterations in the 
resistance of the skin of the scalp, such as may occur in the pre- 
sence of increased sudomotor activity; or may be due to the actual 
presence of skin potentials,the so- celled psychogalvanic response. 
Usually,however, the potential shifts in such instances are of 
such a slow order that the amplifier fails to respond to the 
changes. 
(4 Lye movements. 
Movements of the eyelids and eyeballs are productive of the 
most persistent and troublesome of artefacts. In certain subjects 
it is ¡.kite impossible to prevent a continuo'zs flutter of the 
eyelids. This flutter is often worse when the subject is Asked to 
close the eyes, and in such instances one may overcome the 
difficulty, should the subject be sufficiently co- operative, by 
keeping the eyes open and ensuring fixation on some distant object. 
In other cases in which there is e persistent nystagmus, it is 
impossible to carry out the investigation, as all the events are 
by the larger potentials consequent upon the eye movements. I do 
not know of any way of overcoming this difficulty. 
(5) Muscle action- potentials. 
These can become very troublesome if the patient p @rei is 
in contracting the m_scles of toe jaw. As a rule, with a little 
..í\ . w.+`.(b..----- r 
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patiencesone is able to overcome this difficulty; and a moderate 
degree of relaxation on the part of the silbjeet, together with 
the.low cut -off filter already mentioned, reduces to negligible 
proportions an otherwise formidable source of interference. 
(L) Walter has described an artefact which he considers may be in 
some way related to the pulsation of the middle meningeal artery. 
It is a slow regular wave of characteristic appearance, and bears 
a direct time relationship to uhe heart rhythm. We have encount- 
ered this on many occasions. 
Fig. ' . . is an example of such an instane ith a simultaneous 
electrocardiographic record. I am unable to agree with Walter 
as to the origin of this rhythm. After- several: experitents o it 
a_viewcie determining the cause, I have come to the conclusion 
that it is due to a rhythmical rocking of one of the electrodes 
by the pulsation of a superficial vessel with consequent 
rhythmical shifts of interelectrode resistance. 
(7) Other possible sources of artefact such as those due to 
alterations of temperature, and photoelectric potentials,heed 
only be mentioned, as their avoidance requires only reasonable 
care in the technique. 
The Records. 
With each record there is included e chart showing the 
electrode positions when the record was taken. the amplifier 
to which the electrodes are connected is indicated on the chart, 
and the trace from the corresponding amplifier is also marked on 
the record. 
The rate of travel of the recording paper is the same for all 
the records, namely 2.4 cms. per second. 
i4. 
With regard to amplifier gain, a slip of record showing the 
deflection produced by 10/AV at the same gain, is included with 
each record. 
REúULTS -& -CONCLUSIONS, 
the objects of the inveatigaton have been: - 
(I"). To determine whether a particular pathological state is, 
or is not, associated with a detectable abnormality when 
considered in terms of the cortical potentials. 
(20. In the presence of abnormal changes to determine whether 
these changes can localized to a particular area. 
(3) . To determine 1e topographical -relationship between the focus 
of electrical disturbance, and the site of the pathological 
disturbance. 
(4),. To discover whether different pathological states are 
associated with recognisable differences of electrical 
behaviour. 
Electrical, behavi our 
; he study of "electrical behaviour" entails a detailed exalt,- 
ination of the nature of the changes emanating from a focus of 
disturbance, with regard to amplitude, rate of change, rhythm 
of change,etc. to put it more Limply it amounts to examining one's 
records from the point of view of the "wave form" produced. 
We have to consider the rate of the waves, their regularity or 
otherwise, with due regard to the degree of amplification which 
has been employed. 
Ideally study the .uany factors implied by the term electrical 
i,). 
behaviour, one would localise the disturbance using the method 
already indicated, and then use a standard "set up" in the 
technical sense for the detailed study of the wave form. 
To do this, one electrode would have to be placed over Jhe 
centre of the disturbance; and for the other electrode,some 
neutral point which would be common to all intra- cranial electri- 
cal events would have to be found. A grounded "pad electrode" 
from the ear is used by nearly all workers for this purpose. 
The choice of such an arrangement does not strike me as being 
satisfactory. It is not, in my opinion, inactive in the sense 
of being common to all intra- cranial events; its distance from 
the other electrode varies from case tocase, depending upon the 
site of the focus; and finally i t is a point on uhe very system 
of resistances through which we are trying Lo measure the changes. 
A point within the ventricular system would be free from 
these obiections,;and I have now examined several cases using 
such a point for the "common electrode: 
u'iethod. i'or the "common electrode" we have devised speci ̂ 1 
silver ventricular needles. the needles are coated with insul- 
ating enamel except for the first centimetre, and the back end 
to which contact is made with uhe amplifier. 
The standard burr holes for ventriculography are made, and the 
special needle is inserted into the lateral ventricle on the 
side opposite to the lesion. The surgical reasons for the choice 
of the contra -lateral ventricle are sufficiently obvious. 
`ihe\ventricular fluid is not allowed to escape, the Stilette only 
being withdrawn momentarily from the needle to ensure that the 
needle is in the ventricle. The results employing the intra- 
16. 
ventricular electrode have been most encouraging, and we are 
now using the same method for exploration of the exposed cortex 
at operation. 
As already indicated I am confining the analysis of the 
work to those cases which were examined in the six month period 
March - August i 39. During this period 04 cases were examined. 
The series is still to small to make anything in the nature of 
a statistical survey worth while. ihis will be better appreciatdd 
if it is realised chat the 1,4 cases are made up of widely 
differing pathological states. 
I have divided the cases up into the following 
pathological groups: - 
(A). Lxpanding intrá- cranial lesions. 
(B). Head injuries. 
(C). Vascular accidents, and abnormalities. 
(1). the Lnilepsies. 
Interest has been mainly Centered in the group of expanding 
lesions, so that the analysis of the work in this section can 
necestitriily be more detailed than in the other groups. 
It will be recognised that in the group of expanding lesions 
we ire dealing with a complex group of patholo,r'icel states. 
It has been found necessary to subdivide the group on a 
clinico- pathological basis. for instance,we have considered all 
the posterior fossa tumours together, regardless of the intimate 
nature of the causal lesion, whereas the hemisphere lesions are 
considered under more detailed pathological headings. 
The reasons for this arrangement will become apparant when we come 
to consider in detail the findings in relation to each pathological 
group. 
(A). Expanding intra- cranial jescns. 
Qifteen cases which were later verified as posterior fossa 
lesions have been examined. Some of the cases in this group showed . 
normal cortical activity, while in others there was e considerable 
generalised disturbance which may well have been related to 
raised intra- cranial pressure. the disturbance when present 
takes the form of slow, t - 3 per second, often high amplitude 
shifts of potential with no definite focus of origin. in these 
cases there appears to be a generalised instability of the entire 
certi.cel activity. 
Walter(22) claimed that in some cases of posterior fossa lesions 
he was able to detect a focus of activity from the region of 
one or other mastoid process. I have not been able to confirm his 
contentions in this respect. 
uihe relationship of the electrical disturbance to the raised 
pressure is interesting, but is by no means clear, for in some 
instances in which there was undoubte :í rise of pressure as shown 
by manometric readings of the intra- thecal, and intra- ventricular 
pressures, no abnormality could be detected. On the other hand, 
in ;,ome of the cases ih which gross electrical changes were 
encountered, and in which the pressure was raised, the adminis- 
trat'on of hypertonic saline intravenously reduced considerably 
the electrical activity for short periods. 
(2) . Pituitary iumours . 
Five easel of pituitary and Rathke pouch tumours are included 
in the series. In two of these cases in which there was consider- 
able extension of the tumour into the third ventricle, I found 
generalised instability of the cortical activity without any 
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expansion into the third ventricle, end into the middle fosse, 
no abnormalit;, was detected. 
In the remaining two cases which were purely intra -sella 
lesions, no abnormality of the electrical behaviour was encount- 
ered. 
Fig. 4. is the record taken from one of these. I have included the 
record because it represents what I consider to be a normal 
electro- encephalographic record, and it will, therefore, serve 
as a basis for comparison with the records of abnormal cortical 
activity. 
(3). One tumour of the third ventricle, and septum pellucidum 
without gross hydrocephalus was examined. Here again no 
abnormality of the electrical rhythm was detected. 
(4) . Hemisphere lumpurs. 
.Forty eight cases of hemisphere tumour were examined 
during the period under review. lb eseinclude tumours due to 
neoplasms, and also those due to other causes. 
The table, Fig. 5) indicates the pathological groups into which 
I have subdivided these lesions. The reasons for the particular 
arrangement are; that they are clinically convenient, and whey 
are the groups in which I have found differences or similarities 
of electrical behaviour. 
(q). Multiforme grout). 
iig. 6. This is the record taken from C.H. a man of 38. 
He had a short history of headaches and vomiting. On examination 
he was found to papilloedema, about 4D, in both eyes, slight 
left lower facial weakness, and some mental deterioration. 
The record shows the slow high amplitude potential changes, 
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typical delta waves, wilisk is highly characteristic of the 
electrical disturbance which one finds in association with 
tumours of this group. The record is also a very good example 
of the phase relationship, the waves being 180 out of phase, 
which determines the localization of the electrical disturbance. 
The focus of r'bnorma.lity is seen to be egimmilimorai the region 
indicated in the chart accompanying the record. 
the waves are very slow, ebout 1 per second, and are 6f 
considerable amplitude, as can be judged from the deflection 
produced by 10e, at the same amplification. 
At operation a large subcortical neoplasm.wes partially remcbved. 
Histologically this revealed itself as a glioblastoma multiforme. 
Fig. 2: Record from R.ivl. aged 56. He was admitted with signs 
and symptoms suggestive of a right hemisphere neoplasm. 
The record clearly shows the slow high amplitude waves out of 
phase between amplifiers II, and III. A simultaneous electro- 
cardiogram, leadil, was taken to make sure that the abnormal 
rhythm bore no relationship o the cardiac rhythm. 
az,Ag, is another record taken from R.M., but in this 
instance the intraventricular electrode has been employed. It 
demonstrates two points;'(I), that the wave form is rather more 
complex than is suggested by the "bipolar" method of leading off; 
and (2), that it would not be postiible to determine whether 
Lead II, or Lead_ III, was nearer to the focus of disturbance. 
This experiment,which I have been able to repeat on several 
occasions, does I think show,contrary to the contentions of 
most workers in this field, that it is not pos;-ible to localize 
the focus of disturbance by the unipolar method of leading off. 
r%-------... I ji,... V. 




Allthat one would be able to say with regard to localisation, 
would be that a disturbance of about the same magnitude was 
coming; from the region of both frontal lobes. The findings 
illustrated in the previous record, and the subsequent operative 
confirmation, show the fallacy of this. At operation a right 
frontal multiforme was revealed. So far as it could be assessed, 
the tumour was completely removed. Two months after operation 
the electrical findings were .much the same as before operation. 
Clinically he made an excellent recovery, and now 5 months after 
operation the cortical action potentials are well within normal 
limits, as is shown by Fig. 6.,which is the record taken five 
months after operation. 
Fig. 9., is the record taken from rVí. . a girl,nine years of 
age, who was admitted suffering from headaches and vomiting. 
On examination she was found to have papilloedema, and a slight 
sensori -motor hemiplegia down the right side. 
A focus of electrical disturbance was found at the left frontal 
pole. The waves were slow, and of high amplitude. The site 
of the focus is indicted in Lhe chart accompanying the record. 
At operation a left frontal flap was turned, and a large 
partially superficipl glioma was found just behind the focus of 
electrical disturbance. Histologic-11y this was shown to be 
a multiforme. 
the relationship of the disturbance to the actual site of the 
tumour is noteworthy, and to my mind raises some interesting points 
I have seen the same sort of thing on several occasions. The 
record rig. 0 . , is another example of discrepancy between the 












Why in eac of these cases was the disturbance in front of the 
lesion? I am inclining more and more to the view that oedema 
of the tissues adjacent to the lesion is the main factor 
responsible for the abnormal potentials encountered in associa- 
tion with the expanding lesions. The tumours themselves we 
know to be electrically inactive, thereforetthe main factor 
responsible for the abnormal changes encountered, must be a 
function of the reaction of the surrounding tissue to the 
presence of the neoplasm. Referring again to rigs. 9. & IO., 
one would then have to try and explain -r .y in each of these 
cases there is more reactive oedema in fron of the lesion than 
behind it. One possible explanation is that lesions in the sites 
indicated in these instances, modifies to a greater extent the 
the vascular supply in6the region of electrical disturbance. 
he q>>estion of the effect of interruption of the long projection 
tracts, is one which also has to be bornein mind. There is some 
experimental evidence that interruption of the long projection 
tracts per se, produces distortions of electrical activity 
in that part of the brain from which the particular track 
originated. 
Fig. il. C.S. a man aged ÿi years was admitted,with fits, head- 
aches, and vomiting. Objectively he had papilloedema, nominal 
aphasia, and a right sensors -motor hemiplegia. 
`lhe slow high amplitude waves out of phase bteween amplifiers 
H. and III, are clearly seen. This indicated a disturbance of 
wide area, beyond the bounds of the area encompassed by 
amplifier II. Clinically this was obviously a very unfavourable 
case. A burr hole was made over the centre of the focus, and 
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a portion of tumour tissue aspirated f om a depth of 6 ems. 
moli9nant 
Microscopically this was seen to be a very, type of glioma, and 
therefore nothing f:irther was done. 
We have now examined. -3 cases of the multiforme group 
which includes also the spongioblastomas, the astroblastomas, 
in fact all the gliome forms apart from the astrocytomas, 
and the,oligodendrocytomas which will be considered separately. 
In all the cases in the multiforme group there was a profound 
disturbance of the electrical rhythm. Accurate localization was 
made in ai out of uhe 23 cases. In the two instances in which 
local; $ation was not made, the tumours were very large, and the 
patients were in extremis on admission. Grossly abnormal waves 
but without localizable focus, were picked up in both. The 
administration of saline intravenously would probably 
have quietened things down sufficiently to enable localization 
to have been made. 
I have come to consider that the electrical changes 
As exemplifed by the above records, 1; highly characteristic 
of the malignant gliomas. It will be seen, however, when we have 
considered the meningiomas and the abscesses,that the pathological 
diagnosis is in each instance modified by a consideration of 
the clinical history. 
Lb.) Meningiomas . 
Three cases of meningiome. are included in the series. 
The electrical changes have been found to be in all respects 
similar to those encountered in the multiforme group. 
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third was quitte small as can be seen in Fig. t2., a sketch made 
at operation. 
Fig. Í3., s the electroencephalographic record made before 
operation. the localization, and the large slow delta discharge 
are clearly demonstraued in Lhe record. the patient K.W. aged 45, 
had a history datitg back some three years. 
The significance of these findings will be more apparant when 
we have considered the astrocytoma group. 
WAbscesses. 
Three cases of brain abscess were examined. here again the 
changes are very similar to those found in the multiforme group. 
Localization was accurately established in all three cases, and, 
clinicelly,abscess wes suspected in each. 
Two otogenic and in the other the infection 
was probably blood borne. 
Fig. 14.Record trom a young man aged 19, who was sent up 
wit I history of scarlet fever 5 weeks previously. His 
convalescence had been characterised by headaches, and in the 
fortnight before admission, these had become increasingly severe, 
and he had become progressively more drowsy. On admission he was 
difficult to rouse, and was quite unco-operative. 
$e had intense bilateral papilloedema. There was afaery slight 
left -sided motor weakness, the left abdominal reflexes were 
absent, and both plani.ars were extensor in type. 
Clinically, one was not able to do more Lhan to place the lesion 
in the right hemisphere. The electro -encephalogram Fig. 14., 
showed a slow , high amplitude S discharge from the right frontal 
pole. Operation was carried out immediately, a right frontal 
It 
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flap was turned and a large abscess found and aspirated. 
At a later stage the /abscess was completely removed, and the boy 
made an uninterrupte. recovery. 
L) Astrocytoma Grouv. 
Seven astrocytomas have been examined. In two of these in 
which the tumours were very large, end associated with cyst 
formation, changes not unlike those associated with the.previous 
groups were encountered. The findings in the remaining; five 
cases were quite different as will be seen from the following 
examples. 
Fig. i5. J.D. a man of 32 years,. had been having Jacksonian 
attacks for ¡about lb months. The attacks always started in i,he 
finmerç of the left hand, and would goon to involve the left side 
of the body. There was no loss of consciousness associated with 
these erisodes. 
Previous air studies pointed to a right post central lesion. 
I was not able to detect any abnormality of the cortical 
potentials even after repeated examination. At operation a 
post central astrocytoma, in part superficial, but extending to 
a depth of > ems. was removed. 
The next example indicates the sort of change encountered in the 
the other four cases of astrocytoma. 
Fig. 16. J.H. a male, 2 years of age. He was admitted 
complaining of headaches vomiting and fits. On examination he 
was found to have papilloedema, and some mental deterioration, 
but no localizing signs to indicate the site of the lesion. 
On the basis of the mental changes, and the absence of other signs 






slightest clinical evidence of its lateralisation. The electro- 
encephaloTram showed e. slew low amplitude originating fro> ovr 
down in the left frontal lobe. Very high gain had to be employed 
to detect the abnormal changes, and if the searching electrode 
was moved a couple of centimetres one way or another, no 
abnormality could be detected. At operation)later,the site of the 
lesion was verified, and a firm astrocytoma was completely 
removed. 
(e) Oligodendrocytomas. 
Up to the present time we have had the opportunity 
of examining only two cases of this group. Calcification was 
visible in the X.rays in both instances. The one was an extremely 
large left hemisphere lesion extending from the frontal pole 
right up to Rolando. In this case a small focus of low amplitude 
As in 
was found low down in the frontal region. ma the previous case 
N 
if the searching electrode was moved even a small distance from 
the focus, no ebnorm rlity could be detected. 
The other case was also a left frontal lesionibut of smaller 
dimens;ons. No abnormality of the electrical rhythm could be 
found. 
(() Porenceph 1U_ c cyst. 
J .tl.xt . a woman aged 4.$ years . She had been having 
Jacksonian attacks starting in the left arm for the past four 
years. At times the attacks were associated with loss of 
consciousness. Air studies in this case revealed a large post - 
central porencephalic cyst in the right hemisphere. 
I had the opportunity of examining her on many oceasions, boti 
before and of uer attacks, but was not able to detect any 
2c. 
abnormality of the electric -1 behaviour. 
uberculoma. 
One case of supra -tentorial tuberculoma has been examined. 
electrically. `ihe lesion W2S a paraventricular tumour lying 
ad lacent to and bulging into t'-le anterior horn of the left 
lateral ventricle. At operation a left frontal flap was turned., 
and a small very hard tumour which proved to be a. tuberculoma 
w ̂s removed, The cortical action potentials were normal in all 
respects. I do not know whether the absence of abnormal 
electrical changes can be related to the site of the lesion, or 
to its pathological nature. 
Subdural Haematomas. 
Two cases of subdural haematoma have come underuhe electrodes. 
Both confirmed at operation. The cortical potentials were 
normal in both-instances lespite the fact that in both cases there 
were gross focal and general heutological signs. 
The one case was p rticularly interesting. The patient was 
a man of 31. ..here was no history of head injury, and clinically 
a left temporal multiforme was suspected. Against the d`agnosis 
of multiforme was the fact that the electro- enceph2lomram was 
normal. The fact that at operation this turned out to be a 
S'ibdural haematoma i., I think, a point of some significance. 
IOÌAv. 
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(Bj. Head Injuries. 
Nineteen head injuries have been exa::iined electrically. 
Irhavé.°-not ;,et reached the stage of being able to make 
detailed enal sis of this group. There are too many variants, 
and the series is still much too small to cover the many points 
which would arise in a critical survey. ror instance, the 
examination of a case of simple concussion would necessitate 
a consideration of the cortical potentials while the subject 
was .till unconscious, and again at fixed intervals after 
consciousness 4d been regained. It is an aspect of the work 
which I think would well repay further study. I had hoped to 
devote most of fl) time during the coming year to a detailed 
consideration of the head injuries, but there is now very 
little chance of my being role to do so. 
It has been claimed that no abnormalities, or at least 
detectable abnormalities of electrical cehaviour,are to be found 
in association with uhe head injuries. We have found, however, 
that in a certain percentage of recent head injuries, namely, those 
in which there is evidence of focal damage; there are definite, 
though exceedingly slow, alterations of potential which can be 
localised to the region of the damaged cortex. 
The following is an example of such a case:- rig. lb., I have 
chosen this particular example because the patient came to 
operation, so that we have actual and not presumptive evidence 
of the pathological state. the record is oaken from L.K., a man 
of 2b who was admitted to hospital having been involved in a 
road accident. He was unconscious on admission, and only 
regained consciousness after some 24 hours. X. rays demonstrated 
fractures of the vault of the skill. OR examination it was 
CL, 
found that he had a profound degree of expressive aphasia. 
whis was evidence of focal damage in the left hemisphere, 
probably in the region of the temporal lobe. The electrical 
changes encountered are seen in the record. the outstanding 
feature is the extremely slow rate of the potential flux. 
The rate of the changes is much slower than my amplifiers can be 
expected to handle with any degree of accuracy. the picture, 
therefore, apart from indicating that very slow potential 
shifts are occuring, does not in any way represent the true 
nature of these changes when considered in terms of the wave 
form. I have encountered similar changes in several cases 
in which there was evidence of focal damage. Considerable modifi- 
cation of the amplifier system will be necessary before continuing 
the investigation of this grmup of cases. 
With rc;a.rd to the late complications of head injuries, 
%ip to the present I have confined my attention to those cases 
in which epilepsy has developed as a sequel to the injury, and 
propose,therefore,to discuss the findings when considering the 
question of the epilepsies. 
the very slow potential shifts which we have found in assoc- 
iation with recent focal cortical damage, is, I think, further 
evidence that there is,within certain limits, an electrical 




(C). V S ar _abnormalities and af:eidents. 
Several patients with known vascular abnormalities, 
and some who have had vascular accidents have been examined. 
Here e ain the series is too small to allow of a detailed 
analysis. The results in this group have been most erratic, 
varying from no detectable abnormality on the one hand, to very 
dramatic changes on the other hand. 
an eurtSm 
Two cases of ruptured with profuse subarachnoid haem- 
orrhage were examined, and both were normal from the electrical 
point of view. 
One young man with a profound but recovering hemiplegia, 
was found to have very large delta waves coming from the whole 
of Ghe affected hemisphere. 
One man with a large left parietal angieomatous malformation 
was electrically normal, while another patient with a similar 
condition in the right occipital region was found to have 
very slow large alterations of potential from that region. 
Fig. ib., is the record taken from this last case. 
Another patient with a profound almost pure nominal aphasia 
following on what was probably a thrombosis, had a definite 
focus of abnormal activity situated over the left temporal 
region. 
/ . \ `W 
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(D). Degenerative Processes. 
I do not intend dwelling at any length: "on this 
aspect of the subject; but there is one record, i'ig. 19., which 
is of interest in the light of the pathological findings. 
The disturbance as Will be seen from the record is in all 
ways similar to those which we have come to associate with 
the multiforme group. The disturbance in this case can be seen 
to be coming from both frontal lobes which appear to be acting 
in unison. After a protracted illness,in which she became 
progressively more and more demented; the pr.tient,a woman 
of 4E,died. At autopsy,an advanced degree of cortical atrophy 
was found in both frontal lobes. The brain in the atrophied area 
was tough and shrunken. It is certain that oedema could not 
have played a. part in the production of the abnormal potential 
shifts which were encountered in this instance. I am not 
prepared, at this early stage,to advance any hypothesis as to 
the cause of the abnormal changes encountered in this case. 
The case is interesting in the light of our experience wiuh 
epileptics; for we have found that young epileptics who show 
clinical evidence of mental degeneration, are invariably those 
who show abnormal electrical changes. The potential shifts in 
these cases are always of high amplitude, sometimes appearing 
to come from the entire cortex, and at other times showing 
multiple foci of origin. 
R.B. a boy of 19, who for ten years had been having 
numerous grand mal seizures. There were unmistakable signs 
of a slowly progressive dementia. Several foci of disturbnce 
could be detected. she mosu obvious anti_ p'eraistent focus was 

31 . 
in the rgion of the left frontal adversive field, but even this 
was liable to sudden shifts of several centimetres. At other 
times the focus would suddenly appear in a corresponding 
position in the opposite hemisphere. 
So marked have been the changes in those cases with evidence 
of degeneration that I am'.inclining towards the view that the 
" resting focus " in the so- called idiopathic epilepsies is 
pn index of localised degeneration, rather than of a, pre-epileptic 
electrical instability. In other words the focus is a "post hoc" 



























































































































































































































































































































































































































































(E) . The Epilepsies. 
A full consideration of this group is not within the scope 
of this thesis, the object of which is to show that within 
certain limits1there is pn electrical pattern associated with 
pathological differences. 
I propose,Lherefore, to limit the discussion to the types 
of changes encountered in various epileptic man4festetions. 
The most characteristic electrical pattern encountered in this 
group, is the dramatic change associated with an actual seizare. 
Fig. 21 . , is the electrical record of a fit, taken from a man 
of 50, who was admitted to the ward having numerous major 
seizures. the clinical course of the tit was as follows: - 
there was no aura, and no cry at the commencement of the 
episode: the first indication of an attack was deviation of uhe 
head and eyes to the left: after a second cr two, this was followed 
by a stiffening of the left arm and leg. Then clonic movements 
would suddenly start in the left arm, end spread rapidly to 
involve the entire left half of the body. Loss of consciousness 
occured with he initial deviation of the eyes to the left. 
Before the end of the fit the clonic movements spread to the ri #ht 
half of the body. After this the movements gradually became 
slowerl-1 finally passing off, but persisting longest in the 
left arm. 
The record has been cut into strips for convenience of repro- 
duction. The amplifier gain used was extremely low,as will 
be seen from the gain strip which indicates the deflection pro - 
duced by an input of 25/p -V . 
The to; strip, ( a) shows the ncrmel jui et ectivity prior to 
33. 
the onset of the fit: in (b)', there is at first a slow irregular 
flux, and then, Quite suddenly, and coincident with the 
deviation of the head and eyes, we see the onset of the rapid 
seizure waves. It will be noticed that the waves in the top two 
traces, (amplifiers I, & II. ) are out of phase, thus indicating 
the origin of the disturbance to be from a large area, as is 
indicated in the diagram. In strip (c), we see the progress of 
the fit in uhe clonic stage when the whole cortex is firing in 
unison, the waves in all three leads being "in- phz se: 
In strip (.a), we see the continuation of the clonic stage, but 
die 
with er difference., orimeépt, that leads I, & II, are again out 
of phase, and clinically 2t this staMe the twitching was confined 
to the left half of the body. In the final strip (e), we 
see the gradual slowing down of the discharge finally trailing 
ofeinto relative q.uiescence. 
Idiopathic grand gel. 
It has been claimed uhát many, if not most, patients 
s- Iffering from that form of epilepsy known as idiopathic grand . 
malt show, even in the intervals betweeït seizures, a focus 
of delta discharge. This 'Fresting focus ") as we hove termed its 
is usually found in one or other frontal adversive field, (area 
bap of Vogt.), although au times the focus may be found far 
back in the parietal, or occipital reäions. 
Walter pointed out that such a focus was seldom present in 
people over the age of forty. 
Our experience is that relatively few cases of idiopathic 
epilepsy in which there is no evidence of degenerations exhibit 





the focus wren present, may be an indication of some degenerative 
state secondary to damage done at the time of the seizures. 
We have,}}owever, encountered many cases in which there was no 
lefinite evidence of cortical degeneration, and in which a 
"resting focus" was encountered in one or other adversive field. 
Fig. 22. , is uhe record taken from a boy of lb. He had been having 
major seizures for about five years. The focus of delta waves 
emaratin,; from the region of the eft area Gal, of Vogt is 
clearly seen in the record. 
The presence of a rest "ng focus is , I think, an indication 
of the point at which the main force - speaking electrically,:. - 
of the seizure strikes. 
It has been shown that the actual seizure discherme suarts from 
the region of a resting focus, before spreading to involve the 
entire cortex. 
Whether the presence or absence of a resting focus has any 
prognostic significance it is still too early to say. It is 
certain, however,that this aspect of the subject is full of 
interesting pos: ibilities. 
L1t m 1. 
the electro- encephalographic findings in4eople suffering 
from petit mal have been well described by Gibbs, and his 
co- workers. These workers have considerable stress on the 
wave form in these cases. 
It would appear that,in petit mal,there is a.n almost constant 
electrical flux with occasional sudden bursts of increp:ed_ 
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3. 
H Ga a boy of 1 2 ,who was having numerous peti L mal 
attacks during the course of each day. 'ihe focus of disturbance 
was found far back in the occipital region. 
`l'ra matic .epilepsies . 
It has been claimed chat in the group of epilepsies wnioh 
occur as a sequel to head injuries, there is never a resting 
focus of ebnorma i_ity . +alter has claimed that it is in this 
respect that the traumatic epilepsies differ as a group from 
the idiopathic epilepsies. buch generalisations are apt to 
be misleading, and,should her be accepted as authorotative, 
might lead to considerable confusion in cases where it is of 
legal importance 'o establish a diagnosis. Our experience 
would indicate that too few idiopathic epilepsies have a 
persistent abnormal rhythm to make its presence diagnostic 
of the group, or its absence indicative of a specific etiology. 
We have now seen several cases of epilepsy where trea_na has 
been 
undoubtedly ̂tae responsible etiological factor, and in which there 
was a persistent and localizable focus of delta discharge. 
;the following records are examples of such instances. 
H.b.l a man aged 40.) who had sustained e compound 
fracture of the skull some twenty years previously. For 
about 0 years he had been having fits at intervals of 2 - l2 
d de eessed f cacture) 
months. On exemiration,he was seen to have in the centre of his 
forehead in the region of uhe frontal air sinuses. 
The electro- encephalogram revealed a focus of abnormal discharge 
of low amplitude from the tip of he right frontal pole. 
ihe focusIdidl in fact coincide with the !centre of the 




gliosis which in turn was producing a degenerative: effect on 
adjacent nerve cells. With this in view an operation was decided 
upon with the ides of excising the area of gliosis. 
A rirht frontal flap was t :rned . When the dural was opened, it 
was found to be adherent to the cortex at the right frontal pole, 
over an area 3 X 3.3 ems. Lhe area of cortex was seen to be 
shrunken and atrophic, and was accordingly excised to a depth 
of about 3 cmx. 
rim. ZJ this record was taken from a young man of 25 who 
hr,d had a penetrating injury in the left temporal region five 
years previously. Depressed bone fragments were removed at the 
time cf the injury, leaving a bone defect on the left , i.de of the 
skull, as is indicated in the diagram accompanying the record. 
F :;ear after the injury he started having fits which recurred 
at intervals of Ì - 3'months. Apsrt from these major episodes 
he was almost constantly troubled, but more especially.when he 
was alone and in the dark, by word hallucinatio.s. ìo use 
'his own words," it _ is. just as though hundreds of haphaztprd 
meaningless words are running through my head ". 
On examination, he was found to have a slight but definite nominal 
aphasia. i:he record shows a definite focus of abnormality 
emanating from just below t_ -:e lower margin of the bone defect. 
r 
the point which particularly interested me was that, on 
examining the record, one saw, every now and again, sudden 
bursts of waves which suggested to my mind the subclinical 
seizureE of petit mal. the arrow on the record indicates 
one of these bursts of waves. An area of this sort, with 
its sudden electrical exacerbations, was, to my mind, clearly 
an epileptogenic area, probably conEequent upon cyst or scar 
tissue formation. 
Operation was :!ecided upon, and a left lateral flap was turned. 
he superficial tissues in the region of the bone defect was 
adherent Qo the undhrlying cortex. Below this,and in the 
region of the superior 'emporal gyrus 2 multilocular cyst format- 
ion was encounuered. A complete excision of the lesion would 
have been the procedure of choice, had not the site necess4rá'ly 
precluded and; thing in the way of radical surgery. Ne had to 
content ourselve with o..eni_ng up, and aspiration of the cysts. 
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